Introduction {#S0001}
============

Lung cancer is a common and often fatal malignant tumor, particularly non--small-cell lung cancer (NSCLC), which accounts for 80% of lung cancers, and most are diagnosed at an advanced stage.[@CIT0001] The curative ability of traditional treatment---radiotherapy and chemotherapy---is limited, and it is not easily accepted by patients due to its high toxicity and adverse effects. Molecular targeted therapy has shown promising results in some patients with driver mutations in a short period of remission and the problem of drug resistance is increasingly prominent.[@CIT0002]--[@CIT0004] As a novel active immunotherapy, immune checkpoint inhibitors activate cytotoxic T lymphocytes that block programmed death-1 (PD-1), programmed death ligand-1 (PD-L1), and cytotoxic T lymphocyte antigen-4 (CTLA-4), among others, to reverse the immune escape abilities of tumor cells.[@CIT0005],[@CIT0006] Monoclonal antibodies targeting PD-1/PD-L1 have been investigated in clinical trials and approved as second-line treatments for advanced NSCLC.[@CIT0007] Nevertheless, PD-1/PD-L1 pathway inhibitors are only useful in a small number of patients with NSCLC and still show drug resistance after a period of treatment.[@CIT0008] Because this phenomenon suggests the complex role of immune checkpoints, it is imperative to find new therapeutic targets and explore whether different immune checkpoints synergize with each other.

B and T lymphocyte attenuator (BTLA) is a novel member of the CD28 superfamily and potentially an essential target for immunotherapy.[@CIT0009] BTLA is highly expressed in activated T cells but lowly expressed in naïve T cells, B cells, natural killer cells, macrophages, and dendritic cells.[@CIT0010] Herpesvirus entry mediator (HVEM), the ligand of BTLA, is a member of the tumor necrosis factor receptor family. The binding of BTLA to its ligand HVEM can reduce the activation and proliferation of lymphocytes and inhibit the activation and downregulation of T cells. BTLA signaling molecules affect not only Th1 cells, but also Th2 cell differentiation.[@CIT0011] Moreover, the anti-tumor effect of HSP70 vaccine can be improved by downregulation of BTLA expression in a mouse model of cervical cancer.[@CIT0012] Studies have shown that high expression of BTLA in melanoma limits the expression and function of CD8+T cells.[@CIT0013] Finally, studies of single nucleotide polymorphisms suggest that a BTLA polymorphism is connected to the occurrence and prognosis of breast cancer.[@CIT0014]

Nonetheless, little is known about the expression and function of BTLA protein in NSCLC. Thus, we determined the expression of BTLA by using immunohistochemistry (IHC), analyzed its relationship with PD-1, PD-L1, tumor-infiltrating lymphocytes (TILs), and clinicopathological features, and explored its effects on progression in NSCLC.

Materials and Methods {#S0002}
=====================

Patients and Data {#S0002-S2001}
-----------------

In this study, paraffin-embedded tissue sections were collected from 87 patients undergoing thoracic surgical resection and diagnosed with NSCLC by the Department of Pathology at Shengjing Hospital of China Medical University from February 2013 to June 2014. The Research Ethics Committee of the hospital approved the study (ethics number, 2018ps478k) in accordance with the guidelines of the Helsinki Declaration of 1975, revised in 1983.

None of the patients had received any cancer treatment (e.g., chemotherapy, radiotherapy, molecular targeted drugs, or immunotherapy) before the surgery or had any distant metastases. Baseline characteristics and follow-up results (including age, sex, histologic type, smoking status, progression, and overall survival \[OS\]) were obtained by retrospective analysis of clinical records. Pathologic tumor stage was judged according to the TNM staging system of the 8th UICC/AJCC manual.[@CIT0015]

Immunohistochemistry {#S0002-S2002}
--------------------

Paraffin-embedded tissue was sectioned at a thickness of 3.5 μm and baked at 60°C for 2 h. The paraffin slides were dewaxed with xylene and rehydrated in an ethanol series with an autostainer (Leica ST5010, Germany). For antigen retrieval, the tissue sections were placed in a flask filled with citrate buffer (pH 6.0) and heated to boiling for 5 min in a microwave oven, let rest for 5 min, reheated to boiling for 2 min, and let cool to room temperature. After blocking of endogenous peroxidase activity, the sections were incubated with primary antibodies (BTLA, dilution 1:320, catalog number: 21300-1-AP, Proteintech, Chicago, IL; PD-L1 dilution 1:200, catalog number: 66248-1-Ig, Proteintech; and PD-1, dilution 1:200, catalog number: 18106-1-AP, Proteintech) overnight at 4°C. The sections were then incubated with secondary antibodies at room temperature for 30 min, detected with a DAB kit (DAB-1031; MXB Biotechnology, China) under a microscope, and then counterstained with hematoxylin for about 3 min. Finally, they were dehydrated in gradient alcohol and then in a xylene bath by autostainer before being mounted.

Expression of BTLA, PD-1, and PD-L1 {#S0002-S2003}
-----------------------------------

All stained sections were evaluated by two independent pathologists who were blinded to the clinical outcomes of the patients, and a final consensus was reached following further review. BTLA immunostaining was scored by multiplying the staining intensity by the positive area. The staining intensity was graded as follows: 0, negative (no staining); 1, weak staining (light yellow); 2, moderate staining (brown yellow); and 3, strong staining (dark brown yellow). The percent positivity was scored as follows: 0, \<5%; 1, 5--25%; 2, 26--50%; and 3, \>50%. Therefore, the final score of each slide ranged from 0 to 9. The BTLA staining results were classified into two groups according to the final score: (a) negative group = low expression, that is, a total score \< 4, giving a total score of 0; (b) positive group = high expression, that is, a total score ≥ 4. The determination and threshold were based on studies of other malignancies.[@CIT0016],[@CIT0017] Patients with ≥ 8% PD-1 staining in TILs[@CIT0018],[@CIT0019] and ≥ 5% PD-1 staining in tumor cells (membrane or cytoplasm) were considered positive according to previous studies.[@CIT0020],[@CIT0021]

Assessment of TILs {#S0002-S2004}
------------------

Under double-blind conditions, two senior pathologists of the Department of Pathology calculated the number of lymphocytes invading the tumor cell nests and stroma according to morphological characteristics in a microscope field of view on the same slides used for BTLA. Lymphocytes at the peripheral edge of the tissue in the sections were not considered to be part of the immune infiltration. A score of 1+ (\<30%) indicated low expression of TILs; 2+ (30--60%) indicated moderate expression; and 3+ (\>60%) indicated high expression.[@CIT0022],[@CIT0023]

Statistical Analysis {#S0002-S2005}
--------------------

The relationship between BTLA expression and clinical baseline characteristics (eg, age, sex, smoking status, histologic type, and stage) was analyzed with the chi-square test. The correlation of the expression levels of BTLA with PD-1, PD-L1, and TILs was analyzed by Spearman's rank correlation. Relapse-free survival (RFS) was defined as the time from radical surgery to tumor progression or death (mRFS indicates mean RFS). OS was defined as the time from diagnosis (approximately the time of the operation) to death from any cause (mOS indicates mean OS). The survival curves of RFS and OS were estimated by the Kaplan--Meier method, whereas the log rank test was used for comparisons. Multivariate analysis was performed with a Cox regression model for factors with statistical significance after univariate analysis. Statistical analysis was performed using SPSS 19 software, and all statistical tests were two-sided. All statistics were 2-sided and statistical significance was defined as p\<0.05.

Results {#S0003}
=======

Patients' Demographics {#S0003-S2001}
----------------------

Among all patients, 62 (71.3%) were male, and the mean age at diagnosis was 61.83 years old (range, 43--84 years) ([Table 1](#T0001){ref-type="table"}). Fifty-eight patients (66.7%) were smokers. In terms of stage, 29 patients (33.3%) were stage I, 34 (39.1%) were stage II, and 24 (27.5%) were stage III. In addition, 40 patients (46.0%) had adenocarcinoma, 42 (48.2%) had squamous cell carcinoma, 3 (3.5%) had large-cell carcinoma, and 2 (2.3%) had other types.Table 1BTLA, PD-1 and PD-L1 Expression and Clinical Pathological FactorsVariablesTotal, n (%)BTLAPD-1PD-L1Positive n (%)P valuePositive n (%)P valuePositive n (%)P valueGender Male62(71.3%)25(40.3%)0.97833(53.2%)0.14623(37.1%)0.653 Female25(28.7%)10(40.0%)9(36.0%)8(32.0%)Age, mean61.83 \<6032(36.8%)14(43.8%)0.61013(40.6%)0.27614(43.8%)0.228 ≥6055(63.2%)21(38.2%)29(52.7%)17(30.9%)Smoking Non-smoker29(33.3%)9 (31.0%)0.21610(34.5%)0.0695(17.2%)0.011\* Smoker58(66.7%)26(44.8%)32(55.2%)26(44.8%)Sublobe Left lobe41(47.1%)18(43.9%)0.51019(46.3%)0.73313(31.7%)0.470 Right lobe46(52.9%)17(37.0%)23(50.0%)18(39.1%)Surgery Standard83(95.4%)33(39.8%)0.68339(47.0%)0.27327(32.5%)0.006\* Limited4 (4.8%)2(50.0%)3(75.0%)4(100%)Pathology Adenocarcinoma40(46.0%)18(45.0%)0.40322(55.0%)0.24717(42.5%)0.217 Non-adenocarcinoma47(54.0%)17(36.2%)20(42.6%)14(29.8%)Histological grade G120(23.0%)9(45.0%)0.7548 (40.0%)0.6606(30.0%)0.815 G244(50.6%)16(36.4%)23(52.3%)16(36.4%) G323(26.4%)10(43.5%)11(47.8%)9(39.1%)T stage ≤5cm65(74.7%)24(36.9%)0.28029(44.6%)0.24022(33.8%)0.550 \>5cm22(25.3%)11(50.0%)13(59.1%)9(40.9%)Lymph node metastasis No51(58.6%)16(31.4%)0.045\*22(43.1%)0.25413(25.5%)0.019\* Yes36(41.4%)19(52.8%)20(55.6%)18(50.0%)Vessel invasion No83(95.4%)32(38.6%)0.14739(47.0%)0.27329(34.9%)0.614 Yes4 (4.6%)3 (75.0%)3 (75.0%)2(50.0%)Stage I-II63(72.4%)21(33.3%)0.034\*28(44.4%)0.24719(30.2%)0.084 III24(27.6%)14(58.3%)14(58.3%)12(50.0%)TILs percentage High23(26.4%)12(52.2%)0.39310(43.5%)0.5246(26.1%)0.501 Medium30(34.5%)11(36.7%)17(56.7%)11(36.7%) Low34(39.1%)12(35.3%)15(44.1%)14 (41.2%)[^1]

Characterization of BTLA, PD-1, and PD-L1 Expression in NSCLC and Their Association with Clinicopathological Factors {#S0003-S2002}
--------------------------------------------------------------------------------------------------------------------

The IHC results showed that BTLA protein was mainly expressed in the membrane and cytoplasm of tumor cells but could occasionally be seen scattered in TILs. Statistical analysis showed that BTLA expression was detected in 35 patients (40.2%). We also found that 42 patients (48.3%) were positive for PD-1 in TILs and 31 (35.6%) were positive for PD-L1 in tumor cells ([Figure 1](#F0001){ref-type="fig"}). BTLA was overexpressed in patients with lymph node metastasis (P=0.045) and an advanced pathologic stage (P=0.034). In addition, the expression of PD-L1 was higher in smokers (P=0.011) and in patients with standard surgery (P=0.006) or lymph node metastasis (P=0.019). Expression of PD-1 in TILs was not significantly correlated with clinicopathological factors ([Table 1](#T0001){ref-type="table"}).Figure 1Representative IHC staining for BTLA, PD-1, and PD-L1 (200×) in NSCLC. (**A**) Positive BTLA expression. (**B**) Negative BTLA expression. (**C**) Positive PD-1 expression. (**D**) Negative PD-1 expression. (**E**) Positive PD-L1 expression. (**F**) Negative PD-L1 expression.**Abbreviations:** IHC, immunohistochemical; NSCLC, non-small cell lung cancer; BTLA, B and T lymphocyte attenuator; PD-1, programmed death-1; PD-L1, programmed death ligand-1.

Correlations of BTLA Expression with PD-1, PD-L1, and TIL Abundance {#S0003-S2003}
-------------------------------------------------------------------

Assessment of TILs found that 34 patients (39.1%) had a score of 1+, 30 (34.5%) had 2+, and 23 (26.4%) had 3+. There was a positive correlation between the expression of BTLA and PD-L1 in Spearman correlation analysis (r=0.271, P=0.011) ([Table 2](#T0002){ref-type="table"}).Table 2The Correlation of BLTA Expression with PD-1, PD-L1 and TILsCharacteristicsBTLA ExpressionPositiveNegativer-valueP-valuePD-1 expression Positive19 (45.2%)230.0990.363 Negative16 (35.6%)29PD-L1 expression Positive18 (58.1%)130.2710.011\* Negative17 (30.4%)39TILs percentage High12 (52.2%)110.1260.246 Medium11 (36.7%)19 Low12 (35.3%)22[^2]

Clinical Impact of BTLA on Prognosis {#S0003-S2004}
------------------------------------

The median follow-up time was 54 months, with a range of 9 to 60 months. Kaplan--Meier analysis revealed that patients with positive BTLA or PD-L1 expression had a shorter mRFS than those with negative expression (29.40 months \[95% CI 22.60--36.20\] vs 41.33 months \[95% CI 36.30--46.35\], P=0.029; 29.74 months \[95% CI 23.21--36.27\] vs 40.29 months \[95% CI 35.02--45.55\], P=0.016) ([Figure 2A1](#F0002){ref-type="fig"} and [C1](#F0002){ref-type="fig"}). The patients with positive PD-L1 expression also had a shorter mOS than those with negative expression (41.16 months \[95% CI 35.18--47.14\] vs 47.89 months \[95% CI 43.74--52.05\], P=0.034) ([Figure 2C2](#F0002){ref-type="fig"}). The positive expression of BTLA also showed a tendency for a negative impact on OS, because the P-value approached 0.05 (P=0.055) ([Figure 2A2](#F0002){ref-type="fig"}). We also found that patients who were both BTLA negative and PD-L1 negative had a longer RFS than patients who were either BTLA or PD-L1 positive or positive for both checkpoints (43.44 months \[95% CI 37.80--49.07\] vs 33.90 months \[95% CI 26.36--41.44\] vs 25.94 months \[95% CI 17.85--34.04\], P=0.012) ([Figure 2E1](#F0002){ref-type="fig"}). The same pattern was shown for OS (49.59 months \[95% CI 44.80--54.38\] vs 45.07 months \[95% CI 39.43--50.71\] vs 37.33 months \[95% CI 29.24--45.43\], P=0.031) ([Figure 2E2](#F0002){ref-type="fig"}). PD-1 expression and co-expression with BTLA were not prognostic factors for RFS or OS (P\>0.05) ([Figure 2B](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}).Figure 2Kaplan-Meier survival curves in patients with NSCLC. (**A1**) RFS of BTLA expression (P=0.029). (**A2**) OS of BTLA expression (P=0.055). (**B1**) RFS of PD-1 expression (P=0.182). (**B2**) OS of PD-1 expression (P=0.093). (**C1**) RFS of PD-L1 expression (P=0.016). (**C2**) OS of PD-L1 expression (P=0.034). (**D1**) RFS of BTLA and PD-1 expression (P=0.081). (**D2**) OS of BTLA and PD-1 expression (P=0.116). (**E1**) RFS of BTLA and PD-L1 expression (P=0.012). (**E2**) OS of BTLA and PD-L1 expression (P=0.031).**Abbreviations:** NSCLC, non-small cell lung cancer; BTLA, B and T lymphocyte attenuator; PD-1, programmed death-1; PD-L1, programmed death ligand-1.

Univariate and Multivariate Analysis of RFS and OS {#S0003-S2005}
--------------------------------------------------

Univariate analysis indicated that lymphatic metastasis, tumor stage, BTLA expression, and PD-L1 expression were significant risk factors for RFS. In addition, lymphatic metastasis, tumor stage, and PD-L1 expression were significant prognostic factors for OS ([Table 3](#T0003){ref-type="table"}). In multivariate analysis, the independent risk factors were tumor stage (HR 3.617, 95% CI 2.072--6.312, P\<0.001) and PD-L1 expression (HR 1.774, 95% CI 1.044--3.014, P=0.034) for RFS and lymphatic metastasis (HR 2.359, 95% CI 1.268--4.388, P=0.007) and tumor stage (HR 3.023, 95% CI 1.601--5.709, P=0.001) for OS ([Table 4](#T0004){ref-type="table"}).Table 3Univariate Analysis of the Prognostic Factors of Survival in Patients with NSCLCVariableRelapse-Free SurvivalOverall SurvivalHR (95% CI)P-valueHR (95% CI)P-valueGender (Male vs female)0.964(0.548--1.698)0.9000.671(0.358--1.258)0.213Age (≥60 vs \<60)0.690(0.410--1.162)0.1630.755(0.437--1.308)0.316Smoke status (Yes vs No)1.642(0.931--2.899)0.0871.555(0.852--2.836)0.150Pathology (Non-adenocarcinoma vs adenocarcinoma)0.885(0.528--1.484)0.6440.968(0.561--1.670)0.906Grade (G3 vs G1-G2)0.990(0.692--1.417)0.9571.096(0.757--1.586)0.629T stage (\>5cm vs ≤5cm)1.480(0.841--2.607)0.1741.465(0.804--2.671)0.212Lymphatic metastasis (Yes vs No)2.362(1.405--3.970)0.001\*3.379(1.933--5.907)\<0.001\*Vessel invasion (Yes vs No)0.840(0.205--3.448)0.8091.038(0.252--4.272)0.959Tumor stage (III vs I-II)3.710(2.137--6.440)\<0.001\*4.386(2.468--7.792)\<0.001\*BTLA expression (Positive vs negative)1.763(1.048--2.965)0.033\*1.693(0.979--2.929)0.060PD-1 expression (Positive vs Negative)1.414(0.843--2.373)0.1891.585(0.917--2.739)0.099PD-L1 expression (Positive vs negative)1.868(1.107--3.153)0.019\*1.788(1.033--3.097)0.038\*TILs (High vs low-medium)0.753(0.537--1.056)0.1010.759(0.531--1.083)0.129[^3] Table 4Multivariate Analysis of the Prognostic Factors of Survival in Patients with NSCLCVariableRelapse-Free SurvivalOverall SurvivalHR (95% CI)P-valueHR (95% CI)P-valueLymphatic metastasis (Yes vs No)1.477(0.809--2.696)0.2042.359(1.268--4.388)0.007\*Tumor stage (III vs I-II)3.617(2.072--6.312)\<0.001\*3.023(1.601--5.709)0.001\*BTLA expression (Positive vs negative)1.219(0.695--2.140)0.490----PD-L1 expression (Positive vs negative)1.774(1.044--3.014)0.034\*1.545(0.870--2.744)0.138[^4]

Discussion {#S0004}
==========

BTLA is another recently discovered immunosuppressive receptor of the CD28 superfamily, in addition to CTLA-4 and PD-L1/PD-1. It is a type 1 transmembrane glycoprotein, and the cytoplasmic domain contains an immunoreceptor tyrosine-based inhibitory motif (ITIM), an immunoreceptor tyrosine-based switch motif (ITSM), and a GRB-2 recognition consensus sequence.[@CIT0013],[@CIT0024] The interaction of BTLA with its ligand HVEM can downregulate the immune response by suppressing lymphocyte proliferation and inhibiting the secretion of cytokines (IL-2, IFN-γ, IL-4, and IL-10).[@CIT0025]--[@CIT0028] Phosphorylation of the critical functional molecules, such as Syk, in the BCR signaling pathway is restrained after BTLA activation, which inhibits the proliferation of B lymphocytes.[@CIT0029] Follicular helper T cells (Tfh) also have high expression of BTLA and may help to regulate the IgG response.[@CIT0030] Therefore, BTLA may be a significant therapeutic target that plays a role in not only cellular immunity, but also humoral immunity.

As far as we know, this is the first study to demonstrate that BTLA can be constitutively detected in tumor cells by 40.2% of patients of NSCLC (I--III stage) using IHC and to analyze the correlations of BTLA with PD-1, PD-L1, and TILs. Compared with a previous study that found BTLA expression on intratumoral CD8+ T cells from patients with non--small cell lung cancer,[@CIT0031] we found that BTLA was mainly present in pulmonary carcinoma cells and a small amount was expressed in TILs. This phenomenon, which can be expressed on both tumor cells and TILs, indicates the complexity of BTLA mediated immunosuppression and needs further study. In our study, BTLA levels were significantly higher in NSCLC patients with traditional risk factors such as lymphatic metastasis and high tumor pathological stage.[@CIT0032]--[@CIT0034] Furthermore, we determined that patients with positive BTLA expression had a shorter RFS than those with negative BTLA expression, and the same pattern appeared to be shown for OS (P=0.055). These results indicate that BTLA expression is related to the progression and poor prognosis of NSCLC, which is consistent with the results of previous studies of gastric cancer.[@CIT0016],[@CIT0017] Feng et al[@CIT0016] even revealed that the expression of BTLA in cancer tissue was an independent prognostic factor for gastric cancer, although BTLA expression was not an independent factor for RFS and OS in multivariate analysis of our patients with NSCLC. This difference may be related to tumoral heterogeneity or because the correlation of BTLA expression with lymphatic invasion and tumor stage weakened its effect on the statistical significance in the Cox regression model.

In addition, we determined that BTLA expression was positively correlated with PD-L1 in tumor cells. Meanwhile, we found that BTLA-positive status alone or both BTLA and PD-L1 positivity were correlated with early postoperative recurrence and short OS, further indicating that the group expressing both proteins showed an even worse prognosis. It may be that BTLA overexpression reduces immune surveillance ability and has a synergistic effect with PD-L1. In some previous studies, PD-L1 was linked to worse survival outcomes not only in NSCLC, but also in other malignancies.[@CIT0035]--[@CIT0038] Analogously, we also observed that PD-L1 expression was higher in smokers and those with lymph node metastasis and was an independent prognostic factor for RFS.

Although a checkpoint blockade antibody targeting PD-L1 has achieved impressive clinical efficacy, only a few patients---about 20%---benefit from monoclonal therapy.[@CIT0039] Co-expression of multiple immune checkpoints has frequently been found in exhausted T cells in tumors.[@CIT0040] Therefore, the complexity and variability of the neoplastic immune microenvironment may be one of the reasons for the low clinical efficacy. Thus, simultaneous blockade of BTLA and PD-L1 could be a strategy for cancer treatment.

There are some limitations to our study. First, the study population was not large and might have resulted in a selection bias. Second, there is currently no uniform standard for the evaluation of BTLA in NSCLC, and we adopted the cutoff determination used by previous studies of other malignant tumors. Third, this is a retrospective study that lacked some data, such as driver mutation status, that should be examined in further work.

Conclusion {#S0005}
==========

To the best of our knowledge, our research demonstrated that BTLA was expressed in tumor tissue of NSCLC for the first time. BTLA was statistically highly expressed in patients with clinical risk factors. Meanwhile, BTLA expression was positively correlated with PD-L1 expression. BTLA expression or both BTLA and PD-L1 positivity was related to a shorter RFS and OS, implying a synergistic action between the two immune checkpoint molecules. Accordingly, we speculate that a high level of BTLA expression is a risk factor for the prognosis of NSCLC and that BTLA might be a novel therapeutic target for immunotherapy.
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[^1]: **Note:** \*Stands for the value of *p* \< 0.05.

    **Abbreviations:** BTLA, B and T lymphocyte attenuator; PD-1, programmed death-1; PD-L1, programmed death ligand-1.

[^2]: **Note:** \*Stands for the value of p \< 0.05.

    **Abbreviations:** BTLA, B and T lymphocyte attenuator; PD-1, programmed death-1; PD-L1, programmed death ligand-1; TILs, tumor-infiltrating lymphocytes.

[^3]: **Note:** \*Stands for the value of p \< 0.05.

    **Abbreviations:** BTLA, B and T lymphocyte attenuator; PD-1, programmed death-1; PD-L1, programmed death ligand-1; TILs, tumor-infiltrating lymphocytes; HR, hazard ratio; CI, confidence interval.

[^4]: **Note:** \*Stands for the value of p \< 0.05.

    **Abbreviations:** BTLA, B and T lymphocyte attenuator; HR, hazard ratio; CI, confidence interval.
